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This report, prepared by the U.S. Department of Energy, 
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Transportation, Transportation Systems Center, Energy Technology 
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obtain information on performance characteristics of an engine 
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1. INTRODUCTION 


Data acquired from steady-state tests of a 1977 Ford 2.3 liter 
(140 cubic-inch-displacement) engine are presented in this report. 
The test results are sufficient to establish maps of fuel consumption 
and emissions of carbon monoxide, unburned hydrocarbons, and oxides 
of nitrogen over the operating range of the engine. 


The Ford 2.3 liter engine is one of a series of 10 engines to be 
tested in the current program. The steady-state maps of emissions 
and fuel economy generated by this study may be used to predict engine 
and emission control system performance for transient operation. 


2. ENGINE TEST REPORT 


A new mean-tolerance 1977 Ford 2.3 liter engine was acquired for 
this series of tests. The engine was mounted on a test stand and 
coupled to an eddy-current dynamometer. All engine accessories were 
included in the test stand installation except for the cooling fan 
and radiator. An alternator was mounted on the engine but was not 
connected to the electrical system. Emission control systems included 
exhaust-gas recirculation and oxidation catalyst. Table 1 contains the 
manufacturer's general specifications for the Ford 2.3 liter engine. 


Prior to the start of the testing program, the engine was broken 
in at speeds and power settings comparable to normal vehicle operation. 
Table 2 contains details of the break-in schedule that was used. A 
Single batch of unleaded, regular grade gasoline was used for the entire 
break-in period and test program. An analysis of the fuel appears in 
table 3. 


Steady-state tests of the engine were made at the speed and load 
points indicated in table 4. The following data items were recorded 
at each test point: 


Test number 

Date 

Barometric pressure, mm Hg 
Dew point, °F 

Inlet air temperature, °F 


Speed, rpm 
Torque, 1b-ft -- BLH strain gage load cell; Daytronics indicator 
Fuel rate, lb/hr -- Fluidyne positive displacement fuel flowmeter 


Ignition timing, °BTC 

Manifold vacuum, in. Hg 

Throttle angle, deg 

CO, pct -- Beckman NDIR 

C05, pct -- Beckman NDIR 

Oo, pct -- Beckman polarographic detector 

HC, ppmC -- Custom-built heated flame ionization detector 
NO,, ppm -- Thermo-Electron chemiluminescent detector 
Oil temperature, °F 

Oil pressure, psig 

Coolant temperature, °F 

Exhaust temperature, °F 

Exhaust pressure, in. H90 

Intake manifold temperature, °F, 


The following equations were used in calculating power, air/fuel 
ratio, absolute humidity, and mass emission rates of carbon monoxide 
(CO), unburned hydrocarbons (HC), and oxides of nitrogen (NO,): 


1. Partial pressure of water vapor in intake air (millimeters 
of mercury); 


= f2OSMIA| 
P= exp par = ey 


where D = dewpoint, °F. 


2. Absolute humidity (grains moisture per pound dry air): 


_ 4347.8(P) 


: Tow oe 


where B = barometric pressure, mm Hg. 


3. Humidity correction factor (dimensionless): 


ron = | 
i= OnOO47(Hi= 75) ° 
Note: This factor is used to correct the NOx mass emission 
rate to a standard humidity of 75 grains moisture per 
pound dry air. 


4. Stoichiometric air/fuel ratio (dimensionless): 


us 
ne, weep) 


2 MFuel 
where x = hydrogen-carbon atomic ratio of fuel, 
y = oxygen-carbon atomic ratio of fuel, 
Mllfue] = fuel molecular weignt per carbon atom, 


12.01115 + 1.00797x + 15.9994y. 


5. Hydrogen concentration in raw exhaust (percent): 


TE MCONEO +609) 

m(CORFNSCOZ)" 2 

carbon-monoxide concentration (percent), 
carbon-dioxide concentration (percent). 


where CO 
C09 


ott 


OF 


Note: This equation assumes a water-gas shift equilibrium constant 


(CO)(Hj0) _ 
(CO>) (Ho) e 


Correction factor for emission concentrations from wet basis 
to dry basis (dimensionless): 


a oe (5)(CO + CO) - Ho 
woe TOO: aaa 


Note: In these tests only HC is measured on a wet basis. 
All other species are measured on a dry basis. 


Air/fuel ratio (dimensionless): 


X 
. Mee ss GO) & (2 ae (Ca) 20a) & cae = tip 
F X HC 
Dory o Wy CO + CO> + Cy (y5e) 
where 0» = oxygen concentration (percent), 


HO 
HC 


oxides of nitrogen (ppm), 
unburned hydrocarbon concentration (ppmC). 


ou ot 


Exhaust flow (pounds per hour): 


where Mr = fuel flow rate (pounds per hour) . 
Carbon monoxide mass emission rate (grams per hour): 


MEX co Mu 


CO 
Mco = Cy (100) “tiey )453.59237 , 


where Meo) = = molecular weight of CO (=28.01115), 
Wey = molecular weight of exhaust gas (=28.967) , 


Unburned hydrocarbon mass emission rate (grams per hour): 


Mic = Mex (Te) (ae a) 159, 5028 . 


where IWuc = molecular weight per carbon atom of HC, 
= 12.01115 + 1.00797x +15.9994y . 


4 


— 


1. Oxides of nitrogen mass emission rate (grams per hour): 


M MW 
, EX NO NOx 
MNO, Se (F58) ( Mey ) (Ky) 453.59237, 


where if\yg, = molecular weight of NOg (=46.0028). 


Power (brake horsepower corrected to a standard barometric 
pressure of 736.6 mm Hg and a standard temperature of 85° F): 


__N(T) 736.6, ft_+ 460 
HP = gp52-113 ‘B - pV—oa5 


where N 
~ 
t 


engine speed (revolutions per minute), 
brake torque (foot-pounds), 
air temperature (°F). 


3. DISCUSSION OF TEST RESULTS 


The maximum torque and power outputs measured in these tests were 
in good agreement with the manufacturer's specifications (table 1). 
Emission rates of CO, HC, and NO, were typical of modern spark ignition 
engines equipped with exhaust- -gas- -recirculation (EGR) systems and oxi- 
dation catalysts. The carburetor was set to provide a fuel-lean mix- 
ture during low power operation (figure 2), enabling the catalyst to 
control CO and HC effectively. At higher power levels, the air/fuel 
ratio tended to decrease, resulting in less effective catalytic treat- 
ment of CO and HC (figures 3 and 4). Oxides of nitrogen tended to 
reach a peak at about 60% of maximum power (figure 5). Beyond this 
power level, fuel rich engine operation tended to decrease NO, emission 
rates. Fuel rate increased with increased BHP. See figure 6r 


The data presented in this report are sufficient to establish 
steady-state maps of fuel consumption and emission rates for the 1977 
Ford 2.3 liter engine. 


4. CONCLUSIONS 


The purpose of the experimental work reported here is to establish 
fuel consumption and emission rate data for this engine. Those data 
are presented in the tables accompanying this report. 


TABLE 1. MANUFACTURER'S ENGINE SPECIFICATIONS 


Displacement: Cu imeem wee uescare eae ere ees 140 
Maximum horsepower, bhp @ 5,000 rpm................. 92 
Maximum: torques lb-fc10 S000 mromemerase ai cniee ices 121 
Bore and Stroke, “iteps cts cc os bubre steaieieeance rer cron tterevet 3278 Xe S426 
Configurations sci cccmdaen ee tecse eterna ene cpeceee enna: in-line 4-cylinder 
COMPLESSTION: VAETOS Ss aeterctarsl w eter oy reeere Pate wou lao Cit 9.0:1 
Faring Order. csais spatial saeeee es Scarnato nae 1-3-4-2 
Ignition timing at idle speed, °BTDC @ 600 rpm...... 20 
Block: materia lis: cysts syns tpt ease toes cast iron 
Head: material. cdc seers cee ate sie ee cetera er: cast iron 
Number of crankshaft main bearings.................. 5 
Number Off compressionmringS/imiSicon emi seme ee 2 
Number ofr onl raings/pilStonenseeeemece cece oe ] 
Cam drive ‘ty pe...wiescyrsh sation pra cere er onus me tiedene belt and sprocket 
Valve lift: 
Lnttalkesy: Tinea 52 cies ieee yee re ee ene ee 0.3997 
EX MAUS ©: pote RR ee oatien cic etowenciins eiisucvetle City eneeever siete ey eee 0.3997 
Valve timing: 
Tntake -opens:. BiG oxic rorstenebaerstenere eer ere 22 
Intake closes. CABG. te eiaen ciers ee etarane eee ere einer 66 
Exhaust: Opemsis.’ © BBG eects ceevecs tercioeratescel ste oye ber sisniets 64 
Exhaust chosiest. eAliGe ar ttre wciennecete rs cusuenene 24 
Sparky plug: Gap Minisceresecsc le seers Pace ttorer er heeee ewe otevencmeione 0.034 
EMGINE: WETGME, Vis. dicievececulepe aves rasa teen ets cs chts rotecorereteratcas 250 
Exhaust-gas-recirculation system: 
Val Ve. GyPei.ic. divans e treearcere srenersees aus key ee el ewetevale deronser tens tapered stem 
Control ‘Stigmata. aeeclec crs cdecevleueaenae cer teens cee ported vacuum 
Point ‘of discharges 2815. reins eve cuctavenersrenersiale intake manifold 
Crankcase emission control: 
Control method: siicisenvesanecoteranctsterereesiecelsieaiers positive crankcase 
ventilation 
Point, ofc dischangerc src eicemracrenimeeter a mereterererstetcns intake manifold 
Carburetor types... chrien ciacvetuemuaremssmaann oboe i bc rery aaa euars 2V downdraft 
Distributor specifications: 
Centrifugal advance, begins, ° @ 250 rpm....... 0 
Centrifugal advance, intermediate, 
2G) 1 000: pmincees acces cle eee iain eran sick ORS 
Centrifugal advance, full, 2G 25 500 sypmeeiee 6 
Vacuum advances sbegiinsijnas Ce aninemitl Gieretecterren-trsr- 10 
Vacuum advance, maximum, ° @ 16 in. Hg.......-. 22 
Carburetor number. sini ee ee ore a erenetereterer D7EE-J4 
EGR: Val Ve: MUMBO Yall te era ieyeme ie ae caren aut ans peewee rage opr XE-196500-1115E 
Distributor: numbers ccnc coacnan a otvtevoncuetatudecrensretoeare D7EE-12127-CA 


TABLE 2. ENGINE BREAK-IN SCHEDULE 


Simulated Vehicle | Engine Speed, | Manifold Vacuum, | Fraction of Time 
Speed, mph rpm in. Hg in Mode 


0 Idle 14.5 1/10 
20 1,300 15.2 i 
30 1,600 12.2 i 
40 2,050 12:8 | : 
50 2,450 | 11.8 uy 
60 2,950 10.4 u 
25 1,400 (Sey i 
35 1,800 12.4 i 
45 2,225 12.4 u 


55 2,650 elie. 


Mileage per cycle = 90. 
Total mileage accumulated over 42.5-hour break-in period = 1,530. 


TABLE 3. FUEL SPECIFICATIONS 


FUG kN Oi eenasctabensenslanimcirestteartomealesomateransentonotane 7619 
Research ocGtanewNo. 2) on. «+. cree cco Nes 
HOTON, OCTANE MNO car rtermusreuctcnstorertre cscs ere 8355 
SPECT PIC: GHAV NEV cree cans > cretene elereus ress 0.7161 
AP TGraVv i tVaGeGin a merweiy aa oe erste crore: 66.1 
Distillation, °F: 
NOS peerevapogaledsi:ncaee ce etcicierle 128 
50 pct Se RA MRD NA he Haseena hn, cee 218 
95epet ea idl AU date Uae at en esrahlnanenpe gaa ea 404 
100 pct sma IRE SSPE Sy este SRNR 417 
Reid vapor pressure, pSig............ 955 
FIA analysis, pct: 
AYOMataliGS 5 <a. )cra) sere eneva cnervons aeneneiic erenels 6 
OU ER TINS redea arias tarda tamnccermemevrens creme cate WW 
PavrattilimS int crocwchavcnss secu te at nauemrepetiereccretts 77 
SUTPU ST POL eine sicceneteeelaleveleraroteneneweneyetonens 0.024 
ead augi/Gailen nt sale een cies ciieterecrt cos Trace 
Hydrogen/carbon atomic ratic......... 2.040 
Oxygen/carbon, atomilG wa tilCm cr. oa cer 0.000 
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FIGURE 1. Brake Specific Fuel Consumption, Torque, and 
Brake Horsepower versus Engine rpm at Wide- 
Open-Throttle--Ford 2.3 liter Engine. 
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TORQUE, ft-1b 


AIR-FUEL RATIO 
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FIGURE 2. Air/Fuel Ratio versus Power at Various 


Speed and Load Conditions--Ford 2.3 
liter Engine. 
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FIGURE 3. Carbon Monoxide Emissions versus Power at 


Various Speed and Load Conditions--Ford 
2.3 liter Engine. 
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Hydrocarbon Emissions versus Power at 
Various Speed and Load Conditions-- 
Ford 2.3 liter Engine. 
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FIGURE 5. Oxides of Nitrogen Emissions versus power 


at Various Speed and Load Conditions-- 
Ford 2.3 liter Engine. 
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FUEL RATE, 1b/hour 


10 20 30 40 50 60 70 80 90 100 
POWER, bhp 
FIGURE 6. Fuel Rate versus Power at Various Speed 


and Load Conditions--Ford 2.3 liter 
Engine. 
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